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Summary 
Salinity is a major cause of land degradation in the wheatbelt of WA and has indirectly a 
significant impact on major river systems such as the Arthur and the Blackwood Rivers. 
Date Creek, located south west of the town of Darkan in the South West of WA, discharges 
in the Arthur River and is one of the creeks that contribute to the high salinity levels in the 
Arthur River. It was estimated by the landholders that about 15 per cent of the Date Creek 
catchment will eventually become saline by 2028, if no remedial action is undertaken.  
The Date Creek catchment intersects the Kojonup Fault, a geological formation with a higher 
hydraulic conductivity than the surrounding material, which therefore functions as a conduit 
between different catchments. Previous work done in the catchment indicated that the 
expression of salt at the surface correlated well with the position of the fault. One of the 
conclusions of that work was that the effectiveness of any remedial action would be doubtful 
because of the presence of the fault. The project team and the landholders questioned this 
conclusion and decided to install a drainage scheme in an effort to reduce the salinity in a 
much degraded part of Date Creek, the area underlain by the Fault. The project was funded 
by the South West Catchment Council (SWCC) and the two landholders on whose property 
the scheme was implemented. 
After digging some test holes, it was found that the extremely saline area consisted of a 
basin of white/grey clay filled with sand. A permanent soak delivered water into this basin. 
When it reached the clay bank underlying the Date Creek flood plain, it was forced to the 
surface, evaporated and salinised the soil surface. The drainage scheme consisted of an 
open double levee deep drain (DD) and two subsurface drains (SSD). The DD skirted around 
the edge of the extremely saline basin because the area consisted of deep sand and was 
unsuitable for the DD. The SSD’s were installed with a large chain digger to a maximum 
depth of 2.5 m, dissected the sandy basin and discharged into the DD. The watertables in 
piezometers, positioned across the basin, declined shortly after the drains went in, and after 
one year the salinity of the shallow ground water in the basin decreased as did the salinity in 
the DD itself. The drain discharges constantly about 2.5 L/sec or 216 m3/day, or 412 mm 
from the sandy basin (about 17 ha in area) with some from the surrounding areas. The 
pastures haven’t recovered yet because the dry first half of 2009 put a lot of pressure on the 
available feed in the catchment. On-going maintenance of the DD and the SSD are flagged 
as important and a method was developed to maintain the SSD. 
While this area is probably a-typical of the saline areas in Date Creek, it has been one of the 
largest and most degraded ones. A reduction in the salt load from this area as the result of 
the implementation of the drainage scheme should, in the long term, be beneficial to 
Date Creek. 
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1. Introduction 
1.1 Project background 
Extensive development of secondary dryland salinity in the wheatbelt of WA is a major cause 
of land degradation (McFarlane et al. 2004) and consequent economic loss of agricultural 
production. Clearing of perennial native vegetation for agriculture has been responsible for 
the development of dryland salinity. Reduction of interception and evapotranspiration by the 
loss of the deep rooted, perennial native vegetation has led to an increase in runoff and 
recharge, which in turn have led to rising ground watertables. 
Dealing with dryland salinity has been on the agenda of many agencies and farmers alike for 
a long time. One of the extension efforts that have featured prominently in WA has been the 
Sustainable Grazing of Saline Land (SGSL) project. The project focused heavily on the 
implementation of perennial species (particularly salt bush) on saline land. A spin-off of that 
project was the funding by the South West Catchment Council (SWCC) of a surface water 
management and salt bush trial near Duranillin (about 30 km south of Darkan), on the edge 
of the Arthur River near the end of Date Creek. Due to our involvement in this trial, we 
established a ‘presence’ in the Duranillin area. It became apparent that due to the dissected 
nature of the landscape and the groundwater pressure, on some sites a combination of deep 
drains and perennials would be a useful method to reduce salinity. 
When some more funding became available through SWCC, we proposed to investigate the 
effectiveness of subsurface drainage on the management of waterlogged saline land in 
combination with perennial species. Our emphasis was initially on the implementation of a 
closed drainage system in the form of subsurface slotted pipe drains in conjunction with an 
evaporation pond for safe disposal of the drainage water. A survey was conducted in the 
Duranillin and Darkan areas, organised by the West Arthur Landcare officer and a local 
drainage contractor to find suitable areas for the implementation of such a system. After 
some deliberations, the evaporation pond was deemed not appropriate for the Darkan area 
due to low evaporation rates during the summer, the occasional summer rain and the lack of 
large flat areas with impermeable soil. During these site visits (6 in total) we were introduced 
to a severely degraded saline area upstream in the Date Creek catchment.  
The Date Creek catchment has been the subject of a Land Salinity Target Setting exercise 
carried out by Van Wyk and Raper (2008). In their report they indicated that according to the 
landholders, about 9 per cent of the catchment or about 790 ha was salt affected. This was a 
three-fold increase from the landholder estimate in 2000 which was 3 per cent or 263 ha in 
less than a decade. The landholders estimated that, without further management efforts, 
salt-affected land would occupy about 15 per cent of the catchment by 2028. Arresting this 
land degradation in the Date Creek catchment, as is the case in many other catchments in 
the South-West, has therefore become an important part of the land management decisions. 
The landholders in the catchments were therefore keen to see what could be done to arrest 
this problem and to look at drainage as a possible means to do that.  
1.2 Previous work 
The Date Creek areas has received a lot of interest from various groups, see e.g. George 
et al. (1994) and Clarke et al. (1998). Clarke et al. (1998) investigated the hypothesis that 
major geological faults in the Darkan area were responsible for the location of areas of 
dryland salinity, not explained by topography. Part of the study was carried out in the Date 
Creek catchment. Clark et al. (1998) established a causal link between the faults and the 
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expression of salinity in the lower parts of the landscape where the faults are hydraulically 
connected to the surface. They showed that the faults, in this case the Kojonup Fault, have a 
higher hydraulic conductivity than the material outside the faults and concluded therefore that 
the faults functioned as conduits between catchments, i.e. across surface water divides. Any 
treatments to lower the watertable would therefore need to take into account this ability of the 
landscape to replenish the watertable from areas outside the area where the treatment is 
applied. Clarke et al. (1998) suggested that most treatments would not be able to handle this 
additional recharge and so the treatments would have little impact on the spread of salinity. 
However in our view, and supported by local drainage experience, targeting specific salinity 
‘hot-spots’, rather than a whole of catchment approach could be effective in arresting the 
spread of salinity in the Date Creek catchment. 
1.3 Project location 
The area of interest in the Date Creek catchment consisted of a large bare salt scald (10 ha), 
which to our surprise was formed on deep sand, and was surrounded by undulating lateritic 
terrain. The scald approached the edge of the Date Creek flood plain which was, at that 
point, about 1 km wide with also some signs of salinity on the opposite side of the scald. 
Given the combination of deep sand and shallow undulating gravelly clay soil, it was decided 
to implement a combination of slotted subsurface drain (SSD) and an open double levee 
deep drain (DD). 
The area was like a basin of grey/blue/red mottled clay overlain by coarse sandy sediment in 
the west. Towards the east the basin was surrounded by undulating, completely weathered 
pallid zone clay (pink/red/white) overlain by gritty clay which was in turn overlain by brown 
gravelly sandy topsoil. On the south side as the grey/mottled clay came to the surface it 
changed colour (light grey brown) became part of the flood plain of the Date Creek. In the 
flood plain, only about 50 m from where the clay reached the surface, the clay was underlain 
by a very hard and almost impenetrable duricrust. The creek dissected only the shallow 
loamy clay topsoil of the flood plain.  
The general layout of Date Creek and the drainage area in relation to the Arthur River is 
presented in Figure 1. 
 
Figure 1 Date Creek and the Arthur River. The black square is the area where the drainage is implemented. 
Sections in red indicate where the Date Creek channel was redefined prior to the installation of the drains. 
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A detail of the area where the drainage has been implemented is presented in Figure 2. 
 
Figure 2 A detail of the area where the drainage has been implemented. 
The topography of the area where the drains were installed is presented in Figure 3. 
 
Figure 3 Contours of the area where the drains have been implemented. The thick solid black line is Date 
Creek, the thick stippled black line is the DD and the short blue lines are the two SSD’s. The white circles 
are piezometers. 
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A diagram of the area and 2 cross sections are presented in Figure 4. 
 
Figure 4 Schematic diagram of the area, and the position of the cross sections A-B and C-D. 
The diagram in Figure 4 illustrates the fact that the area of interest where the drainage is 
implemented, is essentially a basin, filled with coarse sandy material. The deep drain 
surrounds the basin while the subsurface drains intersect the basin on two locations, one in 
the middle of the area (1) and the other (2) skirting the eastern edge of the area. 
In December 2007 a Notice of Intent to Drain (NOID) was submitted to the Commissioner of 
Soil Conservation. During the planning process it was agreed that certain sections of the 
Date Creek channel had to be redefined to improve surface flow in the creek. At two sections 
the creek had been fenced off and stock excluded from the water course which allowed the 
water course to be overgrown with puccinellia (Puccinellia ciliata) and other grasses. These 
sections caused an obstruction to the water flow and resulted in the inundation of some 
areas upstream of these sections (see Figure 1). As part of the works program in these 
sections the channel was redefined.  
An aerial photograph of the completed DD and SSD works is presented in Appendix I. 
1.4 Pre-drainage assessment 
Prior to the installation of the drain, test holes were dug with a large excavator to evaluate 
the soil types present at the sites. A soil salinity and height survey were also conducted 
before the drains were installed. The soil salinity was captured with electromagnetic 
instrumentation (EM38) (Bennett et al. 1995) mounted on a sled and towed behind an All 
Terrain Vehicle (ATV). At the same time the height survey was carried out with a Real Time 
Kinematic GPS system mounted on the ATV carrier. The entire sandy area was surveyed, 
some of the surrounding areas and part of the drain. A diagram of the distribution of the soil 
salinity and the height contours are presented in Figure 5. 
Date Creek 
Sand 
Clay 
Sub surface 
drains 
Deep drain 
Clay 
Sand 
C
Road
Road
Deep drain
Sandy 
area 
D 
A 
A 
B 
C 
D 
Creek 
Creek 
Deep drain 
Sub surface 
drain 
1 
2 
2 1
Soak 
B 
Implementing deep drainage to reduce salinity in the Date Creek Catchment, 
South West Western Australia 
 
5 
 
Figure 5 Distribution of the soil salinity and the heights at the drainage site. 
As can be seen from Figure 5, the sandy area is, while small in area (about 17 ha), extremely 
saline with little prospect of improvement if some form of intervention is not carried out.  
2. Implementation of works 
2.1 Test holes in September 2007 
Test holes were dug in September 2007 to assess the soil types, depth to clay, depth to the 
hard pan, depth of the watertable, soil salinity and the permeability of the soil hence a 
general indication for the possibility of installing the deep drain in that area. Photos in 
Figure 6 illustrate the types of soil encountered at the various locations. 
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Figure 6a Sand on the edge of the basin Figure 6b Near the flood plain of Date Creek 
 
 
 
 
 
 
 
Figure 6c Sand in the middle of the basin Figure 6d On the western hill, gravelly sand on 
red-mottled clay 
The watertable on the edge of the basin came within 30 cm of the soil surface (Figure 6a), 
which made it very difficult to dig a hole because the side kept on collapsing so that the 
diameter of the hole kept on increasing without getting any deeper. In the flat flood plain of 
Date Creek (Figure 6b), some sloppy sand was encountered near the surface with very firm 
light grey stiff clay underneath it underlain by a cemented layer of similar light grey colour. 
That was too hard for even a narrow bucket (50 cm wide) to break through. The hole dug in 
the deep dark grey sand in the middle of the basin (Figure 6c) did not get deeper than about 
1 m but grew steadily in diameter as the walls collapsed and more and more material was 
removed. The watertable was near the surface at that location. The hole dug on the western 
side of the basin (Figure 6d) consisted of a thin layer of sloppy gravelly soil on top of orange 
mottled clay above light grey loamy clay. Predominantly vertically orientated sand-filled old 
root channels enabled the rapid water entry into the holes. Details of the soil description and 
salinity are presented in Appendix II. 
From these investigations it was clear that the very high watertables, even towards the 
summer, contributed to the very high salinity at the site. The salinity of the soil decreased 
with depth which also indicated that the salinity at the surface was the results from a 
continuous supply of ground water evaporating at the surface. From the test hole results it 
was decided to place the SDD in the deep sand and have the DD skirt around the basin on 
the interface between the sand and the surrounding clay. 
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2.2 Redefining the Date Creek channel 
Two sections of channel in Date Creek had to be redefined and were located near the 
crossing of the creek and Capercup North Road and near the crossing with Horley Road. 
The sections were excavated by a 30 tonne excavator from Darkan Earth Moving Pty of a 
width of abut 5 m and a depth of about 0.5 m. The situation at each location ‘before’ and 
‘after’ the shallow channel was excavated, are depicted in Figure 7. 
 
 
 
 
 
 
 
Figure 7a Crossing with North Capercup Road, Figure 7b Crossing with North Capercup Road, 
before excavation after excavation 
 
 
 
 
 
 
 
Figure 7c Crossing at Horley Road, before excavation Figure 7d Crossing at Horley Road, after 
excavation 
Inundations of parts of Date Creek were caused by obstructions of grassed filled pockets in 
the water course. These were immediately resolved once the channels had been dug. The 
channels might require some future maintenance, because grass probably will re-colonise 
the shallow channels but this is not expected to happen quickly. 
2.3 Installation of the subsurface drain 
The slotted SSD pipe was installed with a 350 hp Mastenbroek trencher, operated by 
Subsurface Water Management from Busselton, WA. The pipe was installed, starting at the 
downstream end, in the deep drain. The outlet of the slotted pipe was 100 mm PVC 
stormwater pipe. The coarse sharp-angular gravel was crushed and washed basalt from a 
near by quarry and did not have any fines. The gravel was placed around the pipe by means  
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of a continuous feed from a gravel cart into a hopper which was part of the pipe box. The 
pipe box is the large box section at the back of the machine which keeps the trench open to 
place the pipe and the gravel. The conditions when the SSD was installed were very wet. 
The sand from the trench was extremely sloppy and the trench collapsed immediately after 
the pipe box was removed. A few pictures in Figure 8 illustrate the equipment, pipe, gravel 
and the conditions during the installation of the subsurface pipe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8a Start of the subsurface pipe in the deep Figure 8b Start of the slotted pipe surrounded by 
drain gravel 
 
 
 
 
 
 
 
 
Figure 8c Gravel used around the slotted pipe Figure 8d Slotted PVC pipe (100 mm diameter) 
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Figure 8e Mastenbroek trencher Figure 8f Trencher and gravel cart installing the 
first drain 
 
 
 
 
 
 
 
 
Figure 8g Close up of the gravel cart filling the hopper Figure 8h Trencher installing the second drain 
along the edge of the basin 
 
 
 
 
 
 
 
 
Figure 8i Chain and the pipe box of the trencher Figure 8j Water flowing out of the subsurface pipe 
after 3 hours 
Back-filling of the trench was not needed because it collapsed on itself but the spoil from the 
trench was returned to the top of the trench by a little excavator travelling along the drains. 
The trencher was equipped with a laser depth controller. The depth of the drain in the middle  
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of the basin (Drain 1) was 2.5 m while the second drain was placed at the shallower depth of 
1.5 to 2 m depending on the depth of the hard clay. After installation of the drains the basin 
area was fenced off and stock was excluded for several months, from June until December 
2008. During that time the bare scalds were rapidly colonised by puccinellia (see Figure 9a). 
In November 2008 some holes were dug to inspect the condition and placement of the 
subsurface drain (Figure 9b). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9a Puccinellia colonised bare-scalds Figure 9b Gravel and slotted pipe at a depth 
of 1.6 m 
It was noted at that time that the dark grey sand in the middle of the sand basin had changed 
colour and become a ‘rusty’ colour. Lowering the watertable in the vicinity of the subsurface 
drain introduced oxygen into the soil profile and altered the reducing soil environment (lack of 
oxygen) to an oxidizing environment. The presence of iron in the ground water and the soil 
was noted and was causing some problems as will be discussed later. 
2.4 Installation of the double levee deep drain 
The double levee DD was chosen because the double levee, i.e. a levee on both sides of the 
drain, keeps the surface water out so that the drain only caters for ground water as well as 
some surface water from it’s own catchment (i.e. on and inside the levee’s). The drain was 
dug by the local drainage contractor, Shane Plank from Darkan Earthmoving, with a 30 tonne 
excavator using a 1 m3 1:1 cambered drain or ‘V’ bucket or sometimes a ripper tine to brake 
up any rock. These tools could be interchanged in a matter of minutes. The contractor 
started at the down stream end of the drain on 11 June 2008, by making a shallow 
connection to Data Creek (Figure 9a) in the form of a small channel and a pipe through the 
levee. At that point, rather than starting at the same depth as the creek bed, the drain was 
immediately dug to a depth of 2.5 m because it was planned to continue at a later stage for 
another 2 km down stream of Date Creek which was left to the initiative of the landholder. 
From the start a minimum grade of 0.1 per cent at the bottom of the drain was maintained. 
Because the levee effectively blocks the free movement of the surface water into the drain, it 
was ensured that the outside of the levee always had a slope so that the water on the 
outside of the levee was channelled in a particular direction. Where there was an  
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accumulation of surface water (i.e. in front of valley) or at the crossing of property 
boundaries, the DD continued under ground through a 400 mm PVC pipe and the levees 
joined around the end of the DD (Figure 10b). In this way a passage from vehicles and stock 
across the DD near the boundary fence was possible and surface water channelled across 
the DD in a safe way (Figure 10b and 10c). 
 
 
 
 
 
 
 
 
Figure 10a Connection between creek and DD Figure 9b Gravel and slotted pipe at a depth of 1.6 m 
 
 
 
 
 
 
 
 
 
 
 
Figure 10c Surface water being blocked by levee but safe Figure 10d Crossing of drain facilitated by 
passage through crossing PVC pipe 
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Figure 10e Digging of drain through shallow gravelly Figure 10f Breaking up rock before reaching the soil 
in western hill section sand-filled basin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10g Skirting around the sand-filled basin on the sand/clay interface. Left: sand; right: clay 
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3. Observations and discussion 
3.1 Weirs 
Several methods were used to monitor the performance of the drain. These were weirs, flow 
meters and piezometers. There were 2 structures inserted in the drain that allowed us to 
measure the flow of water in the drain. Both were ‘V’-shaped sharp crested weirs, with a 
90 degree angle. The flow across the weirs is calculated from the height of water through the 
weir continuously measured with a water capacitance probe inserted in a formula presented 
by Clemmens et al. (2001). The first structure was placed at the end of the drain, just before 
it discharged into the creek (see Figure 11a) and the second weir just after it left the sandy 
basin (Figure 11b). The capacitance probe was placed about 10 cm in front of the weir but 
slightly off to the side. 
 
 
 
 
 
 
 
 
Figure 11a Weir near the outlet of the drain near Figure 11b Weir in the DD just after it leaves the 
Date Creak sandy basin 
An example of the water height capacitance probe of the weir near the outlet is presented in 
Figure 12 while more detailed information during one particular rainfall event is presented in 
Figure 13. 
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Figure 12 Flow from the deep drain into Date Creek in relation to the rainfall at Duranillin (15 km east of 
the area). 
 
Figure 13 Details of the outflow in relation to the rainfall measured every 10 minutes. 
The flow in the drain responded quickly to rainfall events. About 3 hours (see Figure 13) after 
the rainfall peaked the outflow peaked, hence the time of concentration of the deep drain 
catchment was 3 hours. Incidentally, that is exactly the time calculated using the Rational 
method (ARR, 1983), using only the slope, length and size of the catchment as parameters. 
Over the period presented in Figure 13, 26 mm of rain fell on the area. The length of the 
drain was 2200 m while the width including part of the banks was 20 m, which gives a drain 
catchment of 4.4 ha. At 100 per cent runoff the total extra flow out of the drain from the 
26 mm storm would have been 1144 m3. After separating the base flow from the peak flow, 
563 m3 was measured across the weir which means that about: 563/1144 = 49 per cent of  
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the rain falling on the drain found its way to the outlet, which given the low intensity of the 
rainfall is not unrealistic (ARR, 1983). 
3.2 Flow meters 
Flow meters were installed at the end of the subsurface pipe (see Figure 7i). They consisted 
of a little paddle wheel in a sensor partly inserted in the pipe. The paddle wheel is moved by 
the flow and generates an electric signal which is recorded by a data-logger. The number of 
times the signal is received per minute is an indication of the velocity of the flow of water in 
the pipe. That is multiplied by the cross sectional area of the pipe and the discharge through 
pipe determined. But it was found that the deposition of iron bacteria on the moving paddle 
wheel was so thick that it ceased to move after only 24 hours and so had to be cancelled as 
a method to measure the flow from the SSD.  
3.3 Subsurface pipe weirs 
As an alternative system we used a plastic box positioned on top of the outlet. The outflow of 
the drain was directed into the box through the bottom. A ‘V’-notch weir with a 30 degree 
angle, was placed in the side of the box through which the water left the box. The height of 
water flowing across the weir was also measured with a capacitance probe, similar to the 
ones used in the DD. This system worked well but introduced an additional height of the 
drain outlet of about 40 cm, which reduced the hydraulic head in the pipe available for the 
flow. After about six months this system was abandoned for that reason. 
3.4 Subsurface pipe outlet siphon 
At the moment a reasonable estimate of the flow from the subsurface pipe can be obtained 
from measuring the height of the overflow relative to the edge of the outlet of the drain which 
now consists of a very short 90 degree angle of PVC pipe (see Figure 8j). Using the height of 
water and the cross-sectional area of the pipe, an estimate of the flow can be made. 
Measuring the height is currently done manually and only on an irregular basis. The difficulty 
with the latter method is determining a way of calibrating the height of the water column out 
of the siphon and the rate of flow. An approximation was obtained by relating the flow 
through the little box pipe weirs to the height of the water from the siphon. 
Using the various ways to measure the flow, a summary of the estimated flow in the deep 
drain and the subsurface drain is presented in Table 1. 
Table 1 Estimated flow (L/sec) in the deep drain and the subsurface drains on several dates 
Location 14/07/08 20/11/08 10/12/08 11/03/09 3/06/09 14/07/09 
DD outlet  2.9 2.5 1.9 2.5 2.5 
DD @ Fence  2.5 2.1 2.1 2.5 3.8 
SSD Long 1.3  0.6   1.0 
SSD Short 1.9  0.8   0.4 
The flow in Table 1 only represents the base flow which is ground water flowing into the drain 
and excludes the peak flow that occurs during rainfall events. The DD has a constant flow of 
about 2.5 L/sec which equates to 216 m3/day. Most of it comes from the sandy area because 
there was little difference between the flow at the outlet and the flow at the fence (i.e. where 
the drain leaves the sandy area). Half of the flow comes from the subsurface drains. The flow 
from those drains had declined over time following a drop in the ground watertable providing 
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the hydraulic head and some issues with precipitated iron sludge which reinforces the need 
for maintenance as will be discussed later. The flow was converted to a depth of water, 
assuming the water comes only from the sandy area which was about 17 ha. The daily flow 
of 216 m3 was therefore the equivalent of 216 m3/170 000 m2 = 0.0012 m or 1.2 mm (or 
438 mm annually) of recharge that the drains are picking up. Clarke et al. (1998) estimated 
an annual recharge of 7 mm in the adjacent catchment caused by the flow through the 
Kojonup Fault in addition to an annual recharge from within the catchment of about 60 mm. If 
this level of annual recharge also applies to this area, then the drains will be picking up most 
of this recharge, provided the draw-down by the drains is fairly uniform across the areas. 
3.5 Piezometers 
The piezometers were used to measure the depth to the watertable and can be used to 
measure the effectiveness of the drain in drawing down the watertable. They consist of PVC 
pipes placed vertically in the ground to certain depth with a length of slotted PVC pipe at the 
bottom. Gravel is packed around slotted section, followed by bentonite clay which makes a 
seal and than the hole is backfilled with soil from the hole. Before the drains were put in a 
substantial number of piezometers were installed across the area, more or less at right 
angles to the planned drains. Three transects were mapped out, starting on the western side 
on the shallow gravelly soil, through the sand and ending high up the hill on the eastern side. 
The depth of installation varied from 2 m in the sandy area to 7.2 m high up the hill on the 
eastern side. At several points two piezometers were installed to a different depth (shallow 
and deep). If, as suggested by Clarke et al. (1998), this area is prone to recharge from the 
Kojonup Fault, the watertable difference between the shallow and the deep piezometers 
should indicate that (i.e. the water pressure in the deep piezometer should be higher than 
that in the shallow piezometer). A maximum depth of only 2 m in the sandy area was 
obtained due to the difficulty of installing the tubes in holes that kept on collapsing and deep 
piezometers could unfortunately not be installed. The layout of the piezometers in relation to 
the drains and the hills is presented in Figure 14. 
 
Figure 14 The location of the piezometers in relation to the drains. Blue lines are the subsurface drains 
and the green line is the deep drain. The number of the piezometers corresponds with the numbers in 
Appendix IV. 
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During the installation of the piezometers a log was kept of the kind of material brought to the 
surface in relation to the depth. A summary of these drill logs is presented in Appendix III. 
Some piezometer levels are presented in Figure 15 in relation to the rainfall. All the 
piezometer levels up to July 2009 and the quality of the ground water are presented in 
Tables 2 and Table 3, respectively. 
The draw down of the several piezometers in the sand and on the eastern and western side 
of the sandy area is presented in Figure 15 while the watertable measurements in all the 
piezometers are presented in Table 2. 
 
Figure 15 Watertable depth in several piezometers and the rainfall as a function of time. 
The piezometer in the sand (31, see Figure 15) responded immediately following the 
installation of the DD. It was located about 10 m from the drain and the draw-dawn was 
rapid. However the deeper piezometer (4 m), next to this shallow piezometer (see Table 2, 
no. 30) registered a water pressure of 42 cm above ground level (+42 cm) which dropped to 
16 cm (+16 cm) shortly after the drain went in but came up again to +40 cm but eventually 
decrease to 15 cm below ground level. This clearly indicated the presence of an area of 
recharge near the drain and intercepted by the drain. The piezometers in the middle of the 
sandy area (36 and 45, see Figure 15) responded quickly to the installation of the subsurface 
drain with the levels dropping well below the levels in early April 2008, after the summer 
i.e. the driest and therefore the lowest watertable level. The water level on the west hill 
(No. 33) appeared to show little response to the installation of the DD and only displayed 
some seasonal fluctuation. Similarly, the water level in the eastern hill (No. 43) displayed 
some seasonal fluctuations but with a delay compared to the western hill, due to the larger 
depth to the ground water. The other piezometer that had a water pressure higher than the 
surface was No. 47, which was about 150 m from the DD on the western side. The water 
pressure in that piezometer reached a maximum of 52 cm (+52 cm) above the soil surface at 
the end of August 2008 (Table 2), indicating a considerable upward pressure originating from 
deeper groundwater system hence the delay in the maximum compared to the peak in the 
winter rainfall. The soil at a depth of 2-5 m consists of white ‘soapy’ clay which is sufficiently 
impermeable to cap-off the area and prevent a more rapid salinisation. Interestingly the two 
piezometers (P1 and P2), installed as part of a previous investigation by Clarke et al. (1998)  
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at a depth of 20 m and 30 m and located 200 m closer to the valley floor than No. 47 with the 
water pressure close to the surface in August ’08, did not display pressure differences 
between the two piezometers. 
Table 2 Number, depth of installation, position in the landscape and depth to watertable (cm) in the 
piezometers at the drainage site on different dates. All depths are below soil surface, a ‘+’ indicates a 
height to the watertable above the soil surface 
   2008 2009 
No. Depth (m) Position 9/4 1/5 11/6 30/6# 3/07## 29/08 20/11 11/3 3/6 14/7 
24 4 West hill 62 60  42 40 20 48 53 65  
25 2  58 74  52 49 40 65 79 64  
28 2 Sand 47 46   17 32 30 85 109 105 72 
30 4 Near DD +12 +20 +42 +16 +32 +40 +20 15 15  
31 2  62 60 15 52 68 105 108 122 108   
32 4 West hill 85 82 52 50 46 40 70 90 90  
33 2  102 100 52 59 59 59 109 114 101   
34 4 Near DD 34 37 15 30 34 34 42 55 74  
35 2  75 64 15 49 56 62 142 135 96  
36 2.5 Sand 24 15 10 5 5 55 66 105 54 25 
37 2.5 Sand 33     16 23 30 74 109 76 43 
38 5.4 East hill 197 200   155 155 197 212 217  
39 2  186 190     130 145 196 202 208   
40 4 East hill 64 42  60 57 55 86 75 94  
41 2  184 433   65 59 88 192 146 182   
42 7.2 Top of hill 534 460     452 403   460 486   
43 7.2 Top of hill 264 270     242 204 231 272 276   
44 2 Sand 36 24 5 0 5 70 107 140 132 48 
45 2 Sand 30 18 12 10 5 50 89 105 95   
46 2 Near soak 40 38 15 30 32 80 93 93 76   
47 7.3 Hill+Tree +10 +18 +32  +45 +52 +30 +5 0  
48 5.4 Hill+Tree 114 105 87 90 86 74 104 106 127   
P1  > 20 Clarke 44 35   10 0  42 59  
P2  10 Clarke 40 30     10 -5   48 60   
# Finished installation of DD, ## Installed the subsurface drain. 
The water quality in the piezometers is presented in Table 3. It was noted that the salinity 
declined in most of the piezometers following the deep percolation of rainfall during the 
winter months. The decline was apparent in the sand as well as on the hill, but by far the 
largest reductions occurred in the sandy areas such as at No. 44 and 45. The spatial 
distribution and the changes of the water salinity in relation to the soil salinity are presented 
in Figure 16. 
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Figure 16 Distribution of the water salinity in May 2008, just prior to the installation of the drains and 
12 months later in June 2009 and the soil salinity captured in November 2007. The location of the drains 
is indicated by the black line drawings. 
The high salinity in the soil corresponds with the high salinity in the shallow ground water. 
From the diagram in Figure 4 (Cross section C–D) it was clear that the general flow of the 
shallow ground water through the sand was in the direction of D where it was forced to the 
surface by the bank of stiff clay underlying the flood plain. The shallow ground water in the 
sandy area was continuously fed by the soak (see black dot in Figure 4 at the end of the 
short SSD) and near piezometers No. 30 and 31 which clearly showed an upward water 
pressure. Emptying the soak and channelling the recharge into the DD will hopefully 
eliminate the source of the recharge for the shallow watertable and over time, reduce the 
salinity in this area. 
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Table 3 Salinity (mS/m) of the water in the piezometers at three different dates 
No. Depth (m) Location 1/5/2008 29/8/2008 3/6/2009 
24 5 East hill 555 520 430 
25 2  560 480 386 
28 2 Sand 320 401 210 
30 5 Sand 1120 994 850 
31 2  1030 901 850 
32 5 West hill 1070 760 670 
33 2  1370 1120 866 
34 5 Levee drain 1290 1088 260 
35 2  680 606 680 
36 2 Sand 1580 1047 820 
37 2 Sand 460 443 420 
38 5 East hill 750 1180 1100 
39 2  130 350 400 
40 5 East hill 1490 1266 1030 
41 2  1070 680 1100 
42 7.2 East hill 2740 1400 -- 
43 7.2 East hill 1680 1474 1130 
44 2 Sand 3440 2440 1130 
45 2 Sand 2380 1578 1105 
46 2 Sand 820 561 630 
47 7.2 West hill 990 851 707 
48 5.4 West hill 850 770 680 
P1  Clarke 410 364 340 
P2  Clarke 510 454 314 
The salinity of the surface water in Date Creek, the SSD’s and the DD at various points and 
on various dates is presented in Table 4. 
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Table 4 Salinity in Date Creek (DC) at different locations, the DD and the outlet of the SSD at different 
dates 
Date DC Soak Horley Capercup DD fence 
DD 
outlet 
SSD 
short 
SSD 
long 
DD of 
SSD 
Start of 
DD 
01/05/08 1910 1050         
11/06/08   980  970   870       
20/06/08       380   650     
24/06/08      940  1082     
27/06/08     1673 1400     
30/06/08   750          
03/07/08      1280 1960    
07/07/08      1218 1910 540 1310  
11/07/08   731  1302 1208 1746 570 1266  
14/07/08       1608 505 1205  
25/07/07       1350 437 1057  
29/08/08   630      972 1120 1470 315   950  
20/11/08 Dry  Dry 1310    860     
10/12/08 Dry      920     
23/12/09  2280  2200   1520 735 1397 1020 
11/03/09 Dry  Dry Dry   970   970 1040 450   940  
03/06/09 1317   998     734   781 1100 445   850   480 
pH 07/07/08     6.12 5.64    
pH 23/12/08  8.1  8.75   5.8 5.7 6.8 7.7 
DC: Date Creek before it reaches the sandy basin area. Soak: the soak on the edge of the basin.  
Horley: the crossing of Date Creek with Horley Rd. Capercup: the crossing of Date Creek with Capercup Rd. 
DD fence: just when the DD leave the sandy basin area. DD outlet: the outlet of the DD in Date Creek.  
SSD short: outlet of the short SSD. SSD long: outlet of the long SSD. DD SSD: salinity in DD upstream of the 
SSD outlet. Start DD: at the start of the DD. 
The salinity in Date Creek is governed by the rainfall. After the summer, the ‘first flush’ 
carried a lot of the salt that has been deposited at and near the surface in catchment during 
the summer. As soon as the rainfall increased during the winter months the salinity in the 
creek reduced. The salinity of the base flow (excluding the little peak flows during rainfall 
events) in the DD was not directly influenced by the rainfall. Immediately after the drain was 
completed, the salinity in the DD outlet was highest (27/6/08) and has been declining, to a 
point where it was fresher than the water in Date Creek itself even though the trend itself was 
not significant. The same applied to the salinity of the SS Long. The trend in the salinity of 
the SS Short was significant. During the summer there was a slight increase (23/12/08) in the 
salinity but the increase was only temporarily. The pH of the water, which is often a major 
problem in deep drainage schemes in the wheatbelt of WA was only very slightly acid. As 
this can change over time with the exposure of previously waterlogged and saturated soil to 
oxygen, the monitoring of the pH will remain important for some time to come. 
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4. Vegetation 
At the moment the pastures at the site has not been improved and consists of some 
volunteer puccinellia, some tall wheat grass, barley grass and sub-clover. As the result of the 
very late break to the season in 2009, and the need for sheep feed at that time, the area had 
been overgrazed, to the extent that previously grassed areas became bare by the end of 
May 2009. Strong winds at that time did some damage and top soil was removed from the 
bare areas. The future plan here is to introduce a dense planting of tall Wheat grass to 
increase the dry matter levels across the site so as to make this area productive again.  
As salt levels will continue to drop over time, more productive and palatable species can be 
introduced again (such as other perennials including fescue and annuals such as sub. 
clover) to make the area even more profitable. 
5. Maintenance and cost 
The DD drains were constructed in such way that maintenance cost is kept to a minimum. 
The sides of the drain were sloping batters (1:1) to minimise side-wall collapse. The levees 
excluded surface water but the drain still handled the runoff from its own catchment as was 
presented in Section 3.1. The DD has been equipped with silt traps at different points, 
especially before pipe crossings along the drain course, to allow silt to settle out at points 
with easy access so that the pits can be easily cleaned out. At regular intervals along the DD 
the contractor also installed sheep ramps. These are points where the side of the drain has 
been excavated to a 2:1 slope over a width of about 1 meter so that animals and people 
have a way out of the sometimes very deep drain. The drain at this site skirted along the 
sandy area which at several points led to the collapse of the wall and sand deposited in the 
DD. In addition it was noticed that water which accumulated on the side of the drain can 
create severe ‘gullying’ of the drain bank. Unless some vegetation is established in these 
areas, erosion problems will develop further down the track. The DD also needs to be 
checked regularly for dead live stock blocking the flow of water through the drain or the pipes 
at the crossing. The DD is difficult to implement in sandy areas but is robust and not affected 
by penetrating roots or prone to clogging by iron bacteria which is the bane of any SSD 
system. After the DD was dug it became immediately clear that iron in the ground water was 
going to be a major issue. Thick oily deposits were quickly formed (after 14 days) on the 
sides of the DD (see Figure 17a) and at the end of the SSD outlet (Figure 17b). 
   
Figure 17a Iron deposits on the side of the drain Figure 17b Iron deposited on the outlet of the SSD 
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The iron bacteria form in the presence of oxygen, and feed of the iron (Fe) in the soil and the 
ground water that is being oxidised from Fe2+ to Fe3+ and regular cleaning of the SSD is 
therefore required. In large scale drainage schemes, the drains are normally jetted, using a 
high pressure water cleaning head attached to reinforced high pressure hose. That type of 
cleaning is outside the scope of this project, but we installed several access points along 
each section of the SSD. The access points were used to insert a rigid PVC hose into the 
SSD to clean it. This method was very laborious so another method was settled on which 
was the use of a chimney flue brush attached to nylon fishing line with 150 lb breaking force 
which runs all the way through the SSD, from beginning to the end. The brush is attached to 
the line and pulled through by winding it up the other end. Once it has cleaned the pipe in 
one direction the line can be wound up at the end of the SSD and the brush cleans the pipe 
again in the other direction. Doing this once or twice a year will ensure a SSD clean of large 
deposits of iron bacteria sludge. While installing the access points (see Figure 18), pieces of 
SSD were examined and it was found that the SSD had only a small amount of iron sludge 
attached to the pipe, but both were not clogged up. 
 
Figure 18 Access point in the SSD pipe. A PVC pipe still needs to be attached to the joiner. Note the level 
of the water in the drain is half way the thickness of the SSD, which indicates a good working system. 
There are products on the market that will eliminate the bacteria (i.e. BoreMate®). How 
effective they are in this situation remains to be seen. In order to apply that product, the 
system needs to be closed at the outlet and the product applied at the upstream end and 
allowed to settle for some time. 
The cost of installing 1000 m of SDD, including mobilisation and the supply of basalt gravel 
was $15 000 which equates to about $15/m of SDD. The total cost of installing 2.2 km of DD 
including the opening of the Date Creek water course at two places, mobilisation, installation  
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of drain crossing, breaking up rock, and supply of PVC pipes was about $26 000 and was 
partly funded by the landholders. This equates to about $12/m of DD. These are just up-front 
cost of installation. A cost comparison between the two types of drains should also include 
the loss of land to the DD, disruption to farming enterprise, the ongoing costs of maintenance 
both for the DD and SSD, the longevity of the drains and their effectiveness. Such a 
comparison is outside the scope of this report. 
6. Conclusion 
According to previous research, the Date Creek catchment was affected by the presence of 
the Kojonup Fault line, which acts as a conduit channelling water between catchments. 
Where the fault is hydraulically connected to the surface, outbreaks of salt are common 
place. It was believed that the study area of this report was also impacted by the fault 
because upward directed water pressures have been measured on the edge of the area of 
interest. The implementation of a drainage scheme to address the salinity in a severely 
degraded area in Date Creek was deemed feasible. 
The area consisted of a basin of white clay of the Pallid zone, filled with coarse sand. The 
east and the west undulating shallow gravelly soils were underlain by red mottled and white 
clay. The basin sloped down toward the flood plain of Date Creek. Water seeping from a 
permanent soak on the edge of the basin was thought to be responsible for the extreme 
salinity. It recharges the shallow watertable and when it reaches the lowest point of the 
basin, the impermeable clay underlying the floodplain forces the water to the surface where it 
evaporates and increases the soil salinity.  
The introduction of the DD and the SSD resulted in a marked fall in the shallow watertable in 
the sand-filled basin with a marked reduction in salinity of the shallow ground water. The 
base flow in the DD accounted for about 412 mm of recharge mainly derived from the sand-
filled basin, since the flow in the DD hardly increased between when it left the basin area and 
the outlet 800 m further downstream. The salinity in the basin was dramatically reduced 
within one year as did the salinity of the drainage water.  
The pasture has not yet been improved but the host farmer has plans to seed tall wheat 
grass in the paddock occupied by the drain. Due to the very dry conditions in the first half of 
2009, the rejuvenated perennial pasture (existing tall wheat grass and puccinellia) was 
decimated by high stocking pressure and strong winds. 
Ongoing maintenance of both the DD and the SSD will be critical for the efficient operation of 
this drainage system in the future, and to maintain the already significant reduction in the 
shallow ground water salinity. While the DD was cheaper to install than the SDD, a cost 
comparison between the two drainage systems should also include other aspects of cost not 
addressed in this report. 
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Appendix I. Aerial photo of the completed works 
September 2008 
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Appendix II. Details of soil properties of the test holes 
Location, soil depth, salinity, and description at the various test holes. For the location of the 
holes see the figure in this Appendix II. 
Hole Depth(m) mS/m (1:5) Soil description 
1 0.7 145 Deep sand 
1 2 30 Gritty clay 
1 4 37 Gritty clay 
2 1 38 Deep sand 
2 2 15 Gritty clay 
2 3 14 Gritty clay 
2 4 25 Gritty clay 
4 4 20 Quick sand, kept on collapsing 
5 2 38 Quick sand, kept on collapsing 
5 2.5 34 Quick sand, kept on collapsing 
6 3 51 Grey gritty clay, red mottled 
6 4 90 Hard blocky blue grey clay 
7 2 103 Gritty sandy clay 
7 4.5 26 Clayey sand 
8 1 55 Clay at surface 
8 2.5 47 Mottled yellow red green clay 
8 4 21 Light grey sandy clay 
11 1.5 57 Clay 
11 2.5 43 Mottled red clay 
12 0.2 45 Deep sand, kept on collapsing 
13 1.5 33 White grey sand, clay at 1.5 m 
14 3 26 Gravel iron stone 
14 4.5 39 Grey clay 
 
Location of the test holes (September 2007) before the drains went in. 
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Appendix III. Drill logs of the piezometers 
Piezo no. 24 (5 m) Piezo no 32 (5 m) 
Piezo no. 25 (2 m) Piezo no 33 (2 m) 
Max depth (m) 5.4 Max depth (m) 5.4 
SWL at completion (m) 1.3 SWL at completion (m) 3.5 
Salinity (mS/m) 410 Salinity (mS/m) 680 
Depth (m) Description of material Depth (m) Description of material 
0 to 0.5 Sandy gravel top soil moist 0 to 0.5 Gravel loam top soil 
0.5 to 2 Wet porridge grey sludge 0.5 to 2 Light brown moist clay 
2 to 3 Stable layer of pink clay 2 to 4.5  Dryer white/grey clay 
3 to 5.4 Bright pink smoothie 4.5 to 5.4  Wet grey clay 
Piezo no. 28 (2 m) Piezo no 34 (5 m) 
Piezo no.  Piezo no 35 (2 m) 
Max depth (m) 2.2 Max depth (m) 5.4 
SWL at completion (m) 0.75 SWL at completion (m) 4.1 
Salinity (mS/m) 330 Salinity (mS/m) 950 
Depth (m) Description of material Depth (m) Description of material 
0 to 0.5 Sandy gravel top soil moist 0 to 0.5 Gravelly sandy top soil 
0.5 to 3.5 Grey sand, very wet sand 0.5 to 3.5 Grey sandy loam 
3.5 to 3.6 Thin hard layer red clay 3.5 to 4.5 Wet red clay/sand 
3.6 to 4 Red sandy clay 4.5 to 5 Wetter red clay 
4 to 5.4  Light pink sandy clay   
Hole collapsed to 2.2 m    
Piezo no. 30 (5 m) Piezo no 36 (2 m) 
Piezo no. 31 (2 m) Piezo no  
Max depth (m) 5.4 Max depth (m) 2 
SWL at completion (m) 1.5 SWL at completion (m) 0.4 
Salinity (mS/m) 640 Salinity (mS/m) 1140 
Depth (m) Description of material Depth (m) Description of material 
0 to 0.5 Sandy gravel top soil moist 0 to 0.2 Sandy top soil 
0.5 to 5.4  Grey sand with a little 
orange clay 
0.2 to 3.6 Wet sand, porridge 
  Hole collapsed to < 1 m Forced pipe to 2 m 
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Piezo no. 37 (2 m) Piezo no 44 (2 m) 
Piezo no.  Piezo no  
Max depth (m) 2 Max depth (m) 2 
SWL at completion (m) 0.6 SWL at completion (m) 0.6 
Salinity (mS/m) 340 Salinity (mS/m) 1760 
Depth (m) Description of material Depth (m) Description of material 
0 to 0.3 Sandy top soil 0 to 2 All grey sand 
0.3 to 3.6 Wet grey sand   
Hole collapsed Forced pipe to 2 m Hole collapsed Forced pipe to 2 m 
Piezo no. 38 (5 m) Piezo no 45 (2 m) 
Piezo no. 39 (2 m) Piezo no  
Max depth (m) 5.4 Max depth (m) 2 
SWL at completion (m) 2.75 SWL at completion (m) 0.6 
Salinity (mS/m) 660 Salinity (mS/m) 1140 
Depth (m) Description of material Depth (m) Description of material 
0 to 0.5 Black sandy gravel 0 to 2 All grey wet sand 
0.5 to 2 Orange loamy gravel   
2 to 4.5 Brown gritty gravel Hole collapsed Forced pipe to 2 m 
4.5 to 5.4  Grey sand semi wet than 
very wet 
  
Piezo no. 40 (5 m) Piezo no 46 (2 m) 
Piezo no. 41 (2 m) Piezo no  
Max depth (m) 5.4 Max depth (m) 2 
SWL at completion (m) Dry SWL at completion (m) 1.2 
Salinity (mS/m) Dry Salinity (mS/m) 740 
Depth (m) Description of material Depth (m) Description of material 
0 to 0.5 Grey gravelly loam 0 to 2 All grey wet sand 
0.5 to 1.7 Brown dry loamy clay   
1.7 to 2 Harder layer brown clay Hole collapsed Forced pipe to 2 m 
2 to 4 Clay tending to white   
4 to 5.4  White clay, almost smooth 
and dry 
  
5.4 Wet clay but no water   
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Piezo no. 42 (7.2 m) Piezo no 48 (5.4 m) 
Piezo no.  Piezo no  
Max depth (m) 7.2 Max depth (m) 5.4 
SWL at completion (m) Dry SWL at completion (m) 2.5 
Salinity (mS/m) -- Salinity (mS/m) 560 
Depth (m) Description of material Depth (m) Description of material 
0 to 0.5 Black sandy gravel 0 to 0.5 Gravel dark brown top soil 
0.5 to 2 Tan gritty clay fine dry and 
dusty 
0.5 to 1.8 Tan dry clay 
2 to 4 Pink gritty clay, dry 1.8 to 4 Dry white soapy dry clay 
4 to 6 White gritty clay, dry 4 to 5.4 White gritty clay, wetter 
6 to 7.2 Red moist clay with some 
white 
  
Piezo no. 43 (7.2 m)   
Piezo no.    
Max depth (m) 7.2   
SWL at completion (m) 4.75   
Salinity (mS/m) 1180   
Depth (m) Description of material   
0 to 0.5 Black sandy gravel   
0.5 to 4 Tan gritty clay fine dry and 
dusty 
  
4 to 5 White gritty clay, dry   
5 to 6 Red moist clay with some 
white 
  
6 to 7.2 Cream wet clay (in water)   
Piezo no. 47 (7.2 m)   
Piezo no.    
Max depth (m) 7.2   
SWL at completion (m) 0.6   
Salinity (mS/m) 710   
Depth (m) Description of material   
0 to 0.5 Brown gravel top soil   
0.5 to 1.8  Tan gravel clay   
1.8 to 5 Grey then white soapy clay   
5 to 6 Grey plastersive moist clay   
6 to 6.5 Wet white clay   
6.5 to 7.2 Felt nothing so probably 
only water 
  
 Water welled up to surface 
on installation of piezo 
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